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ABSTRACT 
pyGABEUR-ITB (Python GayaBEUrat Relatif – Institut Teknologi Bandung) is a free and interactive 
software for adjustment of relative gravimeter data, developed based on Python programming language. 
pyGABEUR-ITB can adjust relative gravity measurements and provide reliable estimates for correcting 
instrument’s systematic errors, such as gravimeter drift. Furthermore, pyGABEUR-ITB can also detect possible 
outliers in the observations using the -criterion method. Since pyGABEUR-ITB is using the weighted constraint 
adjustment, at least one fixed station is required accordingly. Relative gravimeter data around Palu-Donggala 
area (Central Sulawesi) observed by Center for Gravity Control Networks and Geodynamics, Geospatial 
Information Agency, were used to test the performance of pyGABEUR-ITB. The processing results were then 
compared against those calculated using GRAVNET software. The comparisons show that both pyGABEUR-ITB 
and GRAVNET softwares statistically provide simillar results, with the total RMS value of about 5 Gal. In term 
of computer’s requirement, pyGABEUR-ITB can be excecuted under a computer with the following minimal 
requirements: x64 CPU, 1 GB memory and WINDOWS 7 OS. Finally, it is important to mention that pyGABEUR-
ITB is recently suited to process the data from the gravimeter that adopts the principle of vertical spring 
balance. In the near future, pyGABEUR-ITB will be extended to be able to automatically adapt to various 
observation principles. 
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ABSTRAK 
pyGABEUR-ITB (Python GayaBEUrat Relatif – Institut Teknologi Bandung) merupakan perangkat lunak 
geratis yang interaktif untuk perataan data gayaberat relatif. Perangkat lunak tersebut dibuat menggunakan 
bahasa pemrograman Python. pyGABEUR-ITB bisa melakukan proses perhitungan data gayaberat relatif dan 
memberikan nilai koreksi bagi kesalahan sistematik pada alat, seperti koreksi drift. pyGABEUR-ITB juga bisa 
mendeteksi kesalahan pengukuran menggunakan metode -criterion. Karena pyGABEUR-ITB menggunakan 
metode hitung perataan terkendala-berbobot, maka diperlukan minimal sebuah titik ikat. Data gayaberat relatif 
di area Palu-Donggala (Sulawesi Tengah), yang diukur oleh Bidang Jaring Kontrol dan Gayaberat, Badan 
Informasi Geospasial, digunakan untuk menguji performa dari pyGABEUR-ITB. Data yang diolah pyGABEUR-
ITB dibandingkan dengan hasil perhitungan perangkat lunak GRAVNET. Hasil perbandingan menunjukan 
bahwa kedua perangkat lunak tersebut memberikan hasil yang sama, dengan nilai RMS sebesar 5 Gal. Terkait 
kebutuhan komputer, untuk menjalankan pyGABEUR-ITB diperlukan komputer dengan kebutuhan minimal 
sebagai berikut: x86 CPU, 1 GB RAM, WINDOWS 7 OS. Perlu dikemukakan, pyGABEUR-ITB saat ini hanya bisa 
digunakan untuk mengolah data gayaberat relatif yang diukur oleh alat gravimeter yang menggunakan prinsip 
keseimbangan pegas vertikal. Dalam waktu dekat, pyGABEUR-ITB akan dikembangkan supaya bisa mengolah 
data yang diperoleh menggunakan beberapa jenis prinsip pengukuran. 
Kata kunci: perangkat lunak gratis, python, gayaberat relatif, perataan terkendala-berbobot  
INTRODUCTION 
In order to establish a reliable geoid model 
over the Indonesian region, Center for Gravity 
Control Networks and Geodynamics, Geospatial 
information Agency (BIG) has been carrying out 
terrestrial relative gravity measurements over 
several places. Such measurements are of 
important for determining gravity values, which 
eventually will serve as the main inputs for the geoid 
determination. On the other hand, such accurate 
gravity values are not only important for 
establishing the geoid model, but also for other 
geodetic and geophysical purposes.  
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Accurate determination of the gravity values is 
not an easy task, since one should ensure that 
possible systematic and gross errors (such as 
geophysical effects and the instrumental errors) 
(Tapley, Born, & Parke, 1982; Tscherning, 1991; 
Van Camp, Williams, & Francis, 2005) in the 
measurements are optimally handled. Furthermore, 
one should also correctly define mathematical and 
weighting (stochastic) models during the 
adjustments (Lerch, 1991). On the other hand, the 
availability of the related software are limited. If we 
can have access to such software, some 
modifications may be necessary to make them fit 
into our own purposes.  
Fortunately, in geodetic literature, methods for 
adjusting the gravity measurements and detecting 
possible outliers have been excessively studied, for 
example, by Lagios (1984), Zhiheng et al. (1988), 
Torge (1989), Hwang et al. (2002) and the most 
recently by Timmen (2010). These literatures are 
the best sources that can guide us to practical 
adjustment of the relative gravimeter data and also 
to develop a dedicated software that really fits our 
purposes.   
Since the existing software, like GRAVNET, 
cannot really fit with our purposes and is not user-
friendly, we have developed pyGABEUR-ITB 
(Python GayaBEUrat Relatif – Institut Teknologi 
Bandung), a free and interactive software for 
accurate adjustment of the relative gravimeter data. 
The term “GayaBEUrat Relatif” (from mixed 
Sundanese-Indonesian words) means relative 
gravity. pyGABEUR-ITB is fully written using Python 
language and is freely available for public. Detailed 
descriptions of pyGABEUR-ITB including practical 
instructions how to use pyGABEUR-ITB can be 
found in Wijaya et al. (2018).   
In this paper, first, we briefly present the used 
methods for adjusting the relative gravimeter 
measurements and for correcting some geophysical 
effects. Second, we discuss the performance test of 
pyGABEUR-ITB using the gravimeter data around 
Palu-Donggala area (Central Sulawesi) and the 
comparisons with GRAVNET software (Hwang et al., 
2002).   
METHOD 
An Equation for the Single Measurement 
For a gravity measurement ∆𝑔(𝑟, 𝑡), within the 
measurement loop 𝑘, at epoch 𝑡 and station 𝑟, the 
corresponding mathematical equation may be 
expressed as (Torge, 1989): 
∆𝑔(𝑟, 𝑡) + 𝛽(𝑟, 𝑡) = 𝑔(𝑟) + ?̇?𝑘(𝑡 − 𝑡𝑜) + 𝑁𝑜𝑘    
+∆𝐹(𝑟) + 𝑔𝑜𝑘 (𝑟) + 𝜀(𝑟, 𝑡) ……………………..…….. (1) 
Whilst 𝑔(𝑟) denotes the absolute gravity value at 
position 𝑟, ?̇?𝑘, 𝑁𝑜𝑘 and ∆𝐹(𝑟) represent the 
gravimeter’s drift, bias, and the calibration function, 
respectively, for the loop 𝑘. 𝑡𝑜 is the epoch 
reference when the reference absolute gravity value 
𝑔𝑜𝑘 (𝑟) is inherently determined by the gravimeter 
instrument. 𝛽(𝑟, 𝑡) and 𝜀(𝑟, 𝑡) are corrections for 
geophysical (or environmental) effects and the 
measurements noise, respectively.  
The term ∆𝐹(𝑟) in Equation 1 represents the 
calibration function to correct for the periodic error 
in reading the gravimetric factor (Krieg, 1982; 
Torge, 1989). For a gravimeter that adopts the 
vertical spring balance principle, such a correction is 
very small and hence it may safely be neglected. 
Furthermore, in our works, we use the CG-5 and 
CG-6 gravimeters that are designed to minimized 
this calibration error. In pyGABEUR-ITB, the term 
∆𝐹(𝑟) is therefore excluded from Equation 1. 
The term 𝛽(𝑟, 𝑡) in Equation 1 may consists 
of several geophyscial effects, which may 
significantly change the gravity values around the 
measurement site. These effects must be corrected 
before the gravimeter data are processed. 
According to Timmen (2010), these geophysical 
effects can be categorized according to their 
possible sources, namely (1) Man-made effects: 
mineral explorations, ground water extraction, (2) 
Tectonic effects: earthquake, volcano eruption, 
post-glacial rebound and (3) Non-tectonic effects: 
Earth and ocean tides and load, redistribution of the 
atmosphere mass and its loading effects, polar 
motion and hydrologycal cycle. Due to their 
complexity and lack of knowledge, the first and 
second sources are dificult to model. The third 
source, non-tectonic effects, is relatively easy to 
model using physical or empirical method. 
Therefore, the geophysical corrections applied to 
the relative gravimeter data are ussually due to the 
third source. 
pyGABEUR-ITB estimates the gravity changes 
due to the following geophyscial effects namely (1) 
The solid Earth tides (∆𝑔𝑆𝐸𝑇) is calculated using the 
model developed by Longman (1959), (2) The 
Ocean loading  (∆𝑔𝑂𝐿) is determined using the 
GOTIC2 model (Matsumoto, Sato, Takanezawa, & 
Ooe, 2001), (3) The polar motion (∆𝑔𝑃𝑀) is 
calculated using the model proposed by Wahr  
(1985), and (4) The redistribution of atmospheric 
mass (∆𝑔𝐴𝑇𝑀) is determined using a simple model 
recommended by the 2010 International 
Association of Geodesy (IAG) convention.  
In pyGABEUR-ITB, the geophyscial corrections 
𝛽 is therefore expressed as the sum of the above 
models:  
𝛽 = ∆𝑔𝑆𝐸𝑇 + ∆𝑔𝑂𝐿 + ∆𝑔𝑆𝐸𝑇 + ∆𝑔𝐴𝑇𝑀 …………..… (2) 
Equations for the Relative Measurements 
Assuming that the geophysical effects have 
been corrected using Equation 2 and then 
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according to Equation 1, the relative gravity 
measurements between stations  𝑟𝐴 and 𝑟𝐵 (within 
the loop 𝑘) may be derived as: 
 
∇𝑔𝐴𝐵 = ∆𝑔(𝑟𝐵 , 𝑡𝐵) − ∆𝑔(𝑟𝐴, 𝑡𝐴) 
            = 𝑔(𝑟𝐵) − 𝑔(𝑟𝐴) + ?̇?𝑘(𝑡𝐵 − 𝑡𝐴) + 𝜀𝐴𝐵 ……… (3) 
 
𝑔(𝑟𝐴) and 𝑔(𝑟𝐵) represent the absolute gravity 
values at the two stations. 𝜀𝐴𝐵 denotes the 
measurement residuals. In the adjustment, the 
terms 𝑔(𝑟𝐴), 𝑔(𝑟𝐵) and ?̇?𝑘 will be determined along 
with the other parameters. 
The relative gravity measurements usually 
involve more than two stations and one loop. To 
solve all the possible parameters, one should be 
able to derive the corresponding mathematical 
equations for all measurements. We here briefly 
provide a practical example to illustrate how the 
equations are derived (and adjusted) in pyGABEUR-
ITB. Consider the relative gravity network (see 
Figure 1) that consists of loops A and B. The 
relative measurements for loop A follow the 
trajectory/route 1-2-3-1, while those for loop B is 3-
4-5-3. If station 1 is held fixed, one may estimate 
the following values: four gravity terms (𝑔(𝑟2), 
𝑔(𝑟3), 𝑔(𝑟4) and 𝑔(𝑟5)) and two gravimeter drifts for 
each loop (?̇?𝐴 and  ?̇?𝐵). 
 
 
Figure 1. An illustration of the relative gravity 
measurements. The measurements for loop 
A follow the route 1-2-3-1, while those for 
loop B is 3-4-5-3.  
From Figure 1, one should notice that  
station 1 is measured twice at two different epochs. 
Here, we denote such epochs as 𝑡1
1 and 𝑡1
2, 
representing the first and second observation 
epochs at station 1, respectively. According to 
Equation 3, mathematical equations for the 
measurements in loop A can be deduced: 
 
∇𝑔12 = 𝑔(𝑟2) − 𝑔(𝑟1) + ?̇?𝐴(𝑡2 − 𝑡1
1) + 𝜀12 
∇𝑔23 = 𝑔(𝑟3) − 𝑔(𝑟2) + ?̇?𝐴(𝑡3 − 𝑡2) + 𝜀23 
∇𝑔31 = 𝑔(𝑟1) − 𝑔(𝑟3) + ?̇?𝐴(𝑡1
2 − 𝑡3) + 𝜀31 ………. (4) 
 
Similarly, station 3 is also measured twice with two 
different epochs 𝑡3
1 and 𝑡3
2. Mathematical equations 
for the measurements in loop B are: 
 
∇𝑔34 = 𝑔(𝑟4) − 𝑔(𝑟3) + ?̇?𝐵(𝑡4 − 𝑡3
1) + 𝜀34 
∇𝑔45 = 𝑔(𝑟5) − 𝑔(𝑟4) + ?̇?𝐵(𝑡5 − 𝑡4) + 𝜀45 
∇𝑔53 = 𝑔(𝑟3) − 𝑔(𝑟5) + ?̇?𝐵(𝑡3
2 − 𝑡5) + 𝜀53 …….… (5) 
Equation 4 and Equation 5 can be combined 
and represented into the matrix form as: 
 
𝑳𝒐 = 𝑨𝒐𝑿 + 𝒆𝒐 ………………………………..…….……. (6) 
  
The measurements matrix 𝑳𝒐, the design matrix 𝑨𝒐, 
the parameter matrix 𝑿 and the residual matrix 𝒆𝒐 
are, respectively, expressed in Equation 7, 
Equation 8, Equation 9, and Equation 10:   
 
𝑳𝒐 = [∇𝑔12  ∇𝑔23 ∇𝑔31 ∇𝑔34 ∇𝑔45 ∇𝑔51 ]
𝑻…………… (7) 
𝑨𝒐 = 
[
 
 
 
 
 
 
−1 1 0 0 0 𝑡2 − 𝑡1
1 0
0 −1 1 0 0 𝑡3 − 𝑡2 0
1 0 −1 0 0 𝑡1
2 − 𝑡3 0
0 0 −1 1 0 0 𝑡4 − 𝑡3
1
0 0 0 −1 1 0 𝑡5 − 𝑡4
0 0 1 0 −1 0 𝑡3
2 − 𝑡5]
 
 
 
 
 
 
  ………… (8) 
𝑿 = [𝑔(𝑟1) 𝑔(𝑟2) 𝑔(𝑟3) 𝑔(𝑟4) 𝑔(𝑟5) ?̇?𝐴 ?̇?𝐵  ]
𝑻 ……….(9) 
𝒆𝒐 = [𝜀12  𝜀23  𝜀31  𝜀34  𝜀45  𝜀51 ]
𝑻………..…………… (10) 
 
Weighted Constraint Adjustment  
One may easily verify that the design matrix 𝑨𝒐 
in Equation 8 has a rank defect of 1. Therefore, 
the least-squares solutions of Equation 6 will be 
impossible without applying a minimum constraint. 
Here, we apply a constraint to the gravity value 
observed at (minimum) one station during the 
adjustment to get the solutions of X.  
According to Figure 1, suppose that the 
gravity value measured at station 1 is held fixed. 
One can then introduce an equation as a minimum 
constrain: 
 
?̅?(𝑟1) = 𝑔(𝑟1) + 𝜀1 ……………………….……………. (11) 
 
?̅?(𝑟1) and 𝜀1 represent the measurement value at 
station 1 and its measurement error, respectively. 
More gravity values observed at other stations may 
also be introduced as additional constrains.  
In a matrix form, Equation 11 can be 
expressed as (Koch, 1999): 
𝑳𝒄 = 𝑨𝒄𝑿 + 𝒆𝒄 ……………………………….…………. (12) 
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where  
𝑳𝒄 = ?̅?(𝑟1) ……………………………………….…….…. (13) 
𝑨𝒄 = [1 0 0 0 0 0 0] …………….………………..……. (14) 
𝒆𝒄 = 𝜀1  …………………………………………………….. (15) 
Equation 13 consists of the observations, 
Equation 14 is the coefficient matrix, and 
Equation 15 denotes the measurement residuals.  
 
By combining Equation 6 and Equation 12, an 
augmented measurement equation can be derived 
from: 
𝑽 = [
𝑒𝑜
𝑒𝑐
] = [
𝐴𝑜
𝐴𝑐
]𝑿 − [
𝐿𝑜
𝐿𝑐
] ……….………..….…..…. (16) 
Since matrix [𝐴𝑜  𝐴𝑐]
𝑇 has the full rank, the least-
squares solutions of Equation 16 are now possible. 
The solution can be derived by minimizing 
Equation 17, as follow: 
𝜃 = 𝑽𝑇𝑷𝑽 = 𝑒𝑜
𝑇𝑃𝑜𝑒𝑜 + 𝑒𝑐
𝑇𝑃𝑐𝑒𝑐 → 𝑚𝑖𝑛 ……………. (17) 
where 𝑷 is the weight matrix defined as:  
𝑷 = [
𝑃𝑜 0
0 𝑃𝑐
] …………………………………….…..…. (18) 
The terms 𝑃𝑜 and 𝑃𝑐 in Equation 18 are diagonal 
matrices, representing the weights for the 
measurements and constraints, respectively. While 
the diagonal elements of 𝑃𝑜 are inversely 
proportional with the variance of observations, 
those of 𝑃𝑐 can be set to the following different 
options: (1) infinite, meaning that the 
corresponding a priory gravity value will not be 
changed after the adjustment, (2) zero, meaning 
that the corresponding a priory gravity value will be 
adjusted, and (3) the inverse of variance of the a 
priori gravity value. pyGABEUR-ITB provides all 
these options. 
Finally, the least-squares adjustments with 
weighted-constraint for 𝑿 and its standard 
deviations may be determined using Equation 19, 
Equation 20, and Equation 21, as follow: 
 
𝑸𝒙𝒙 = 𝐴𝑜
𝑇𝑃𝑜𝐴𝑜 + 𝐴𝑐
𝑇𝑃𝑐𝐴𝑐  …………………….…..…. (19) 
𝜎2 =
𝑽𝑇𝑷𝑽
𝑚𝑜+𝑚𝑐−𝑛
  ….……………………………....…..…. (20) 
𝑿 = 𝑄𝑥𝑥
−1 [𝐴𝑜
𝑇𝑃𝑜𝐿𝑜 + 𝐴𝑐
𝑇𝑃𝑐𝐿𝑐] …….…………..…..…. (21) 
𝑸𝒙𝒙 is the cofactor matrix. 𝜎
2 is the a posteriori 
variance. 𝑚𝑜, 𝑚𝑐 and 𝑛 represent the number of 
gravity observations, constraints and parameters, 
respectively.  
Goodness-of-Fit Test and Outliers Detection  
The least-squares solutions may still be 
affected by several errors such as: outliers in the 
measurements, incorrect mathematical equations 
(Equation 4 and Equation 5) and inappropriate 
stochastic models. In the adjustment theory, the 
goodness-of-fit test must be performed to justify 
whether or not the solutions are still affected by 
such errors.  The solutions are accepted if the 
following condition is fulfilled (Baarda, 1968; 
Caspary, 1987): 
𝜒2 ≡
𝜎2
𝜎𝑜
2  < 𝜒𝑐
2(1 − 𝛼;𝑚)(1 − 𝛼;𝑚)  …………..…. (22) 
𝜎𝑜
2 is the a priori variance before the adjustments, 
𝜒𝑐
2 is the chi-square distribution when the 
confidence level is 1 − 𝛼 and the degree of freedom 
is 𝑚, as shown in Equation 26. 𝛼 is the significant 
level. 
 
If the condition in Equation 22 is not fulfilled, the 
mathematical equations and weighted matrices 
needs to be checked whether the equations are 
inadequate or the outliers exist in the 
measurements. pyGABEUR-ITB adopts the -
criterion method proposed by (Pope, 1976) that 
employs the t-student distribution to check the 
possible outliers. According to this method, the 𝑖𝑡ℎ 
measurement is indicated as outlier if the following 
condition is met: 
|?̅?𝑖|
𝜎2
 > 𝜏𝛼/2  …………………………….…………………. (23) 
where 
?̅?𝑖 =
𝑣𝑖
√𝑞𝑖𝑖
  …………………………….……………………. (24) 
𝜏𝛼/2 =
𝑡𝛼/2,𝑚−1√𝑚
√𝑚−1+𝑡𝛼/2,𝑚
  ………………………….…………. (25) 
𝑚 = 𝑚𝑜 + 𝑚𝑐 − 𝑛  ……………………………………. (26) 
Equation 23, Equation 24, and Equation 25 are 
mathematical representations for the -criterion 
test. 𝑣𝑖 and ?̅?𝑖 are the residual and the standardized 
residual for the 𝑖𝑡ℎ measurement, 𝜏𝛼/2 is the critical 
values deduced from the t-student distribution 
𝑡𝛼/2,𝑚. 𝑞𝑖𝑖 is the diagonal element of the cofactor of 
the residuals 𝑸𝒗𝒗, which can be calculated using the 
following relation: 
 
𝑸𝒗𝒗 = 𝑷 − 𝑨 𝑸𝒙𝒙 𝑨
𝑇…………………....…..……..…. (27) 
𝑨 = [
𝐴𝑜
𝐴𝑐
] ………………………….……………….…..…. (28) 
 
RESULTS AND DISCUSSIONS 
Architecture of pyGABEUR-ITB  
Architecture of pyGABEUR-ITB is very simple 
that consists of three GUI-based modules: INPUT, 
PROCESS, and OUTPUT (see Figure 2). The 
module INPUT records all necessary files such as 
data files, coordinate lists, output files and 
geophysical files. Selection of such files can be 
accomplished interactively via the GUI-based main 
window of pyGABEUR-ITB (see Figure 4). It is 
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important to mention that pyGABEUR-ITB (in its 
current shape) can only read the gravimeter data 
file from the Scintrex CG-5 and CG-6 gravimeters.    
After selecting all necessary input files, the 
module PROCESS is then activated to execute the 
following successive tasks: calculating the 
geophysical corrections, adjustments of the 
gravimeter data, and outlier tests. In this module, 
users may select some options related to selection 
of constrained site, definition of weighted 
constraint, and the selection of geophysical effects. 
Figure 2. Architecture of pyGABEUR-ITB.  
Once the gravimeter data have been 
completely adjusted, the results then go to the 
module OUTPUT. By this module, brief statistical 
information is shown in the main window and all the 
estimated results including their statistical analysis 
are written to output files. 
Adjustments of Gravimeter Data  
Center for Gravity Control Networks and 
Geodynamics, Geospatial information Agency (BIG), 
carried out the relative gravimeter measurements in 
Palu and Donggala areas, Central Sulawesi, from 
October 31st to November 11st 2016. Ninetysix (96) 
gravity stations were occupied using the CG-5 
Scintrex gravimeter. All stations are grouped into 11 
measurements loops (see Figure 3). To reduce the 
drift error, every single loop is measured within one 
day.   
Station 9923 (located at the Palu airport) is 
chosen as a reference site. A priori gravity value at 
this station is 978027.7500 mGal. Since the value 
was derived from the first order of Indonesian 
Gravity Control Network, we assign relatively high 
constraint in the element of matrix 𝑃𝑐, namely: 10
8 
(presumed the tie point to be highly accurate). The 
estimated gravity values and their standard 
deviations for all stations are summarized in Table 
1a and Table 1b, while the measurements 
residuals calculated using Equation 16 is depicted 
in Figure 5. The results from global test are 
presented in Table 2. 
 
Figure 3. Distribution of the gravity stations (red circle) 
over Palu and Donggala areas (Central 
Sulawesi). Red square denotes the fix 
station. 
From Table 1, it can be seen that the 
estimated values of the gravity are quite accurate 
with the standard deviations are less than 0.01 
mGal. Furthermore, a symmetric pattern of the 
residuals plot in Figure 5 indicates that pyGABEUR-
ITB can reduce any possible systematic errors (i.e. 
geophysical effects and instrumental drifts). Results 
of goodness-of-fit test as summarized in Table 2 
show that the test is not success. This is due to the 
computed reference variance is much smaller than 
the a priori variance.  However, if the goodness-of-
fit test fails because of the computed reference 
variance is too small, the test result could be 
ignored since correcting it does not change the 
adjusted result significantly (Ghilani, 2010). 
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Figure 4. Main window of pyGABEUR-ITB. 
 
Table 1. The estimated gravity values relative to the a 
priori gravity value at station 9923 and their 
standard deviations. 
S
ta
ti
o
n
 
Estimated Gravity 
(mGal) 
S
ta
ti
o
n
 
Estimated Gravity 
(mGal) 
11 76.8271±0.0028 252 -27.0819±0.0116 
12 81.2661±0.0021 253 -23.5768±0.0110 
31 52.0721±0.0146 261 -113.0174±0.0102 
32 46.5740±0.0154 262 -194.4188±0.0104 
33 44.7810±0.0135 271 -26.6141±0.0099 
41 36.5416±0.0152 272 12.2676±0.0099 
42 46.5279±0.0140 273 -44.2935±0.0100 
43 47.7254±0.0137 281 12.7288±0.0105 
51 13.9579±0.0149 282 4.1945±0.0103 
52 -12.4972±0.0146 283 2.4358±0.0113 
53 -33.1122±0.0143 291 -6.8343±0.0110 
61 77.3607±0.0033 292 -2.8881±0.0109 
62 67.4256±0.0039 293 0.2841±0.0113 
63 65.1710±0.0043 301 -5.8504±0.0111 
81 39.1201±0.0121 302 -4.7470±0.0068 
82 44.6846±0.0160 303 -2.4296±0.0110 
83 40.3663±0.0147 321 -54.5234±0.0056 
91 38.5025±0.0118 322 -24.2500±0.0056 
 92 20.7533±0.0115 331 -4.3001±0.0121 
102 31.9350±0.0113 332 12.1316±0.0106 
112 63.9337±0.0046 333 -7.1038±0.0116 
121 60.1040±0.0059 339 5.9045±0.0058 
122 57.2591±0.0056 341 -6.2377±0.0060 
 
 
S
ta
ti
o
n
 
Estimated Gravity 
(mGal) 
S
ta
ti
o
n
 
Estimated Gravity 
(mGal) 
131 40.9258±0.0148 342 -12.3881±0.0062 
132 38.0802±0.0135 343 -7.8200±0.0112 
141 41.5422±0.0146 351 -9.3292±0.0067 
142 30.7257±0.0131 352 -13.9806±0.0072 
143 18.9870±0.0128 353 -20.6520±0.0076 
144 25.8996±0.0106 382 -2.7416±0.0108 
171 38.3607±0.0117 383 -8.8936±0.0112 
172 36.7907±0.0061 391 -11.8788±0.0105 
173 25.1111±0.0063 392 -13.5809±0.0112 
174 48.4418±0.0062 393 -9.9843±0.0112 
181 16.9564±0.0136 402 -15.5122±0.0064 
182 20.4604±0.0118 403 -12.7109±0.0063 
191 17.8946±0.0108 432 -12.0952±0.0109 
192 -0.7495±0.0105 433 -15.9252±0.0112 
194 -3.8592±0.0137 441 -15.1525±0.0109 
221 14.0994±0.0100 442 -16.6024±0.0111 
222 -1.3487±0.0157 443 -5.1112±0.0107 
223 25.8536±0.0174 451 -36.2132±0.0067 
224 23.2225±0.0100 452 -65.6369±0.0069 
231 16.5557±0.0169 453 -87.4393±0.0072 
232 2.3882±0.0058 703 12.2689±0.0098 
241 3.8487±0.0143 1034 49.3988±0.0107 
242 -4.1236±0.0128 9234 10.0015±0.0092 
243 0.2205±0.0120 9245 8.0446±0.0044 
251 -10.4205±0.0118 9923 0.0000±0.0000 
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Figure 5.  The measurements residuals calculated 
using Equation 16. 
Table 2. Results from goodness-of-fit test. 
Parameters Value 
A priori variance 1 
A posterior variance 
(reference variance) 
0.0046 
Redundancy 4 
Confidence level 95% 
Tested value 0.0194 
Lower critical value 0.7089 
Upper critical value 9.4877 
Test result Fail 
Comparisons with GRAVNET Software   
The results presented in Table 1, Table 2, 
and Figure 5 may indicate quality of the internal 
precision produced by pyGABEUR-ITB. Concerning 
the accuracy, the results should be compared 
against the other software. In this section, 
comparisons with GRAVNET software (Hwang et al., 
2002) are briefly summarized. Relative gravity 
measurement data in Palu and Donggala adjusted 
using GRAVNET software (Hwang et al., 2002) are 
used to validate the result from pyGABEUR-ITB. The 
results are depicted in Figure 6. It could be 
presented in the form of RMS and standard 
deviation, of about 2 x 10-5 mGal and 0.0048 mGal, 
respectively. These values are negligible, indicating 
that pyGABEUR-ITB and GRAVNET statistically 
produces the same results. 
The adjustment method used in either 
pyGABEUR-ITB or GRAVNET is similar. The 
differences are only in handling geophysical effects 
and estimating the instrumental drift. In pyGABEUR-
ITB, as mentioned before, the drift error is 
estimated for each loop, while GRAVNET estimates 
the drift as a single value for the entire loops. 
According to these comparisons, one may conclude 
that the accuracy of different geophysical models 
used by pyGABEUR-ITB or GRAVNET are 
comparable.  
CONCLUSIONS  
Development of a free and interactive software 
for adjustment of relative gravimeter data has been 
summarized in this paper. The weighted constraint 
adjustment with at least one reference station is 
employed to adjust the data. Performance of the 
software is quite good since it can properly handle 
some geophysical effects and instrumental drifts. 
Furthermore, the software produces similar results 
with those estimated by GRAVNET software.  
Although in this current test the software is 
applied to analyze the gravity network with a single 
reference site, it provides an easy way to add 
additional reference sites by simply selecting the 
fixed points and set their corresponding variances 
(see Figure 4). As for the geophysical effects, the 
user can select which effect will be reduced. This 
may provide the user who wants to know the 
magnitude of the individual effect to the estimated 
gravity values at all sites.  
The software (at the current form) is recently 
suited to process the data from the gravimeter that 
adopts the principle of vertical spring balance such 
as the CG-5 and CG-6 Scintrex gravimeters. The 
users who work with the other gravimeters may 
easily modify the source codes, which are available 
upon request. One thing that the users might have 
to be aware is the term ∆𝑭(?⃑⃑?) in Equation 1. Since 
the CG-5 and CG-6 Scintrex gravimeters use the 
vertical spring balance principle, this term is 
negligible and hence pyGABEUR-ITB does not deal 
with it. In the near future, pyGABEUR-ITB will be 
extended to be able to automatically adapt the use 
of various observation principles. 
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Figure 6. The gravity values difference between pyGABEUR-ITB and GRAVNET. 
ACKNOWLEDGMENT 
This research is fully supported by LPPM 
Institut Teknologi Bandung (ITB) through a 
research grant of the Program Penelitian, 
Pengabdian Masyarakat dan Inovasi ITB 2018.   
REFERENCES 
Baarda, W. (1968). A Testing Procedure for Use in 
Geodetic Networks. Publications on Geodesy, 2(5), 97. 
Caspary, W. F. (1987). Concepts of Network and 
Deformation Analysis, Monograph 11. Kensington: 
The University of New South Wales. 
Ghilani, C. D. (2010). Adjustment Computations: Spatial 
Data Analysis: Fifth Edition (5th ed.). 
https://doi.org/10.1002/9780470586266 
Hwang, C., Wang, C. G., & Lee, L. H. (2002). Adjustment 
of Relative Gravity Measurements Using Weighted and 
Datum-free Constraints. Computers and Geosciences, 
28(9), 1005–1015. https://doi.org/10.1016/S0098-
3004(02)00005-5 
Koch, K.-R. (1999). Parameter Estimation and Hypothesis 
Testing in Linear Models (2nd ed.). 
https://doi.org/10.1007/978-3-662-03976-2 
Krieg, L. A. (1982). Mathematical Modelling of the 
Behavior of the LaCoste and Romberg" G" Gravity 
Meter for Use in Gravity Network Adjustment and Data 
Analysis. The Ohio State University. 
Lagios, E. (1984). A FORTRAN IV Program for a Least-
squares Gravity Base-station Network Adjustment. 
Computers and Geosciences. 
https://doi.org/10.1016/0098-3004(84)90026-8 
Lerch, F. J. (1991). Optimum Data Weighting and Error 
Calibration for Estimation of Gravitational Parameters. 
Bulletin Géodésique. 
https://doi.org/10.1007/BF00806341 
Longman, I. M. (1959). Formulas for Computing the Tidal 
Accelerations Due to the Moon and the Sun. Journal 
of Geophysical Research, 64(12), 2351–2355. 
https://doi.org/10.1029/jz064i012p02351 
Matsumoto, K., Sato, T., Takanezawa, T., & Ooe, M. 
(2001). GOTIC2: A Program for Computation of 
Oceanic Tidal Loading Effect. Journal of the Geodetic 
Society of Japan, 47(1), 243–248. 
https://doi.org/10.11366/sokuchi1954.47.243 
Pope, A. J. (1976). The Statistics of Residuals and the 
Detection of Outliers. University of California Libraries. 
Tapley, B. D., Born, G. H., & Parke, M. E. (1982). The 
Seasat Altimeter Data and Its Accuracy Assessment. 
Journal of Geophysical Research: Oceans, 87(C5), 
3179–3188. 
Timmen, L. (2010). Absolute and Relative Gravimetry. 
Sciences of Geodesy - I: Advances and Future 
Directions, 1–48. https://doi.org/10.1007/978-3-642-
11741-1 
Torge, W. (1989). Gravimetry de Gruyter. New York: New 
York. 
Tscherning, C. C. (1991). A strategy for Gross-error 
Detection in Satellite Altimeter Data Applied in the 
Baltic-sea Area for Enhanced Geoid and Gravity 
Determination. Determination of the Geoid, 95–107. 
Springer, New York. 
Van Camp, M., Williams, S. D., & Francis, O. (2005). 
Uncertainty of Absolute Gravity Measurements. 
Journal of Geophysical Research: Solid Earth, 
110(B5), 1–9. https://doi.org/10.1029/2004JB003497 
Wahr, J. M. (1985). Deformation Induced by Polar Motion. 
Journal of Geophysical Research, 90(1), 9363–9368. 
https://doi.org/10.1029/JB090iB11p09363 
Wijaya, D. D., Muhammad, N. A., & Prijatna, K. (2018). 
GABUER-ITB: Pengolahan Data Gayaberat Relatif 
Menggunakan Matlab. 
Zhiheng, J., Chuanhui, Z., Qixian, Q., & Shan, X. (1988). 
China Gravity Basic Net 1985. Science in China Series 
B-Chemistry, Biological, Agricultural, Medical & Earth 
Sciences, 31(9), 1143–1152. 
 
